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FORMATION OF SIC CRYSTAL FILM 

PURPOSE: To provide the method for simply producing the thin film of a SiC single 
crystal, enabling the growth of the single crystal thin film of the SiC at low temperature, 
being difficult to cause lattice defects and interfacial mismatching, and not requiring a 
process for forming a buffer layer on a substrate. 

CONSTITUTION: The method for forming the SiC crystal film by blowing a material gas 
containing raw material gases as a carbon source and a silicon source on a substrate, 
decomposing the raw material gases on the substrate, and allowing the thin film of SiC to 
grow on the substrate is characterized by adding an inert gas to the raw material gases, 
controlling the temperature of the substrate to <1000°C, decomposing the raw material 
gases with IR light and irradiating the substrate with the IR light. The inert gas includes 
argon and helium. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by connputer. So the translation nnay not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAEMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the SiC single crystal thin film characterized by 
decomposing this material gas while the temperature of this substrate is 1000 degrees C or less 
and this infrared radiation irradiates this substrate including inert gas into ingredient gas in the 
approach of making this material gas decomposing the ingredient gas containing the material gas 
used as a carbon source and the source of silicon on delivery and this substrate on a substrate, 
and growing up the thin film of SiC on this substrate. 

[Claim 2] The manufacture approach of a SiC single crystal thin film according to claim 1 that 
this inert gas is an argon or helium. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the approach of manufacturing a SiC single 
crystal thin film at temperature lower than a conventional method in more detail, about the 
manufacture approach of a SiC single crystal thin film. 
[0002] 

[Description of the Prior Art] In recent years, the device using Si accomplishes remarkable 
development and came to be used everywhere. However, it is thought that Si device is 
unsuitable as a device which cannot operate normally but operates by the harsh environment if 
the temperature around 100 degrees C is exceeded. Then, research has been done paying 
attention to the silicon carbide (SiC) considered to operate normally also in a harsh environment 
(with for example, bases, such as heat, a radiation, and chemicals). It is known that it is known by 
SiC that there is 250 sorts of crystal form about, among these 3C structures are suitable for the 
electron device, and each structure of 4H, 6H, and 15R is suitable for LED. And the SiC single 
crystal with this structure was conventionally manufactured by the heat CVD method or the 
plasma-CVD method. 

[0003] However, it sets to the heat CVD method used conventionally. Since about 1 A of lattice 
constants of Si substrate a lattice defect and a technical problem called a lifting and a cone in 
interface mismatching not only occur, but generally used as a substrate since the temperature at 
the time of growth of a single crystal thin film is as high as 1000-1400 degrees C, and SiC 
differs, SiC does not carry out a laminating well on Si substrate, but passing the gas which 
serves as a carbon source on a substrate for this reason, sudden heating is carried out and it is 
dealing with forming a buffer layer etc. However, sudden heating at the time of the buffer 
stratification heats substrate temperature in about 1 minute from a room temperature to near 
1500 degree C, and was a troublesome activity. Moreover, although low-temperatureHzing of a 
process was possible when using the plasma-CVD method, the technical problem that the front 
face of the created thin film will be damaged by the plasma occurred. When the laser CVD 
method was furthermore used, only polycrystal and the thin film of an amorphous condition were 
obtained and a SiC single crystal was not able to be created, this invention persons make laser 
light the source of excitation by Japanese Patent Application No. No. 243817 [ three to ] that 
this technical problem should be solved. The laser CVD method with which it was made for this 
laser light to irradiate a substrate is offered. The still more suitable manufacture approach for 
single crystal growth of a up to [ the substrate of a large area ] was offered by offering the 
approach of manufacturing a SiC single crystal thin film at the temperature of 1000 degrees C or 
less, and using infrared radiation together to laser light and coincidence further by Japanese 
Patent Application No. No. 256796 [ three to ]. 
[0004] 

[Problem(s) to be Solved by the Invention] A method of suppressing temperature low with easier 
equipment by this approach, at the time of growth, since the generator of the laser light used as 
the further amelioration is big, although temperature was able to be low suppressed at the time 
of growth is desired. 
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[0005] 

[Means for Solving the Problem] Then, this invention persons reached [ that this technical 
problem is wholeheartedly solved / about the approach of manufacturing a SiC single crystal thin 
film at low temperature / by using only infrared radiation and adding a specific gas in ingredient 
gas not using laser light as a result of examination, not using laser light, and ] a header and this 
invention. Namely, laser light is not used but the purpose of this invention can grow up the single 
crystal thin film of SiC at low temperature. It is offering a lattice defect and the manufacture 
approach of a SiC single crystal thin film with an unnecessary process of being hard to cause 
interface mismatching and making a buffer layer generating on a substrate. This purpose In the 
approach of making this material gas decomposing the ingredient gas containing the material gas 
used as a carbon source and the source of silicon on delivery and this substrate on a substrate, 
and growing up the thin film of SiC on this substrate The temperature of this substrate is 1000 
degrees C or less including inert gas in ingredient gas. It is more easily attained by the 
manufacture approach of the SiC single crystal thin film characterized by for infrared radiation 
decomposing this material gas, and this infrared radiation irradiating this substrate, and the 
manufacture approach of said SiC single crystal thin film that this inert gas is an argon in more 
detail. Hereafter, this invention is explained more to a detail. 

[0006] The smaller one of the difference of the lattice constant of SiC for which it asks although 
it will not ask, especially if the substrate used for this invention is the same as the crystal form 
of SiC for which it asks, and the lattice constant of a substrate is desirable, and it is specifically 
desirable that the difference of a lattice constant is 1 A or less. Moreover, the crystallinity of a 
substrate is so desirable that it is high. In cubic 3C-SiC, since crystallinity can obtain the 
substrate of the diameter of macrostomia easily highly, specifically, Si single crystal substrate is 
used. Moreover, from the manufacture approach of the former [ temperature / substrate ], since 
the approach of this invention was quite low temperature, it could also use the substrate of IIHV 
group compounds, such as GaAs which is easy to decompose at an elevated temperature. 
Although not asked especially about field bearing of a substrate, the field of a low index is 
desirable. 

[0007] The gas which accepts to carbon source gas and the source gas of silicon with material 
gas, accepts material gas and carrier gas and other need with ingredient gas in the following 
sentences, and is supplied including dopant gas etc. at the time of thin film growth is meant. 
[0008] One example of the equipment used for this invention is shown in drawing 1 . The 
equipment of drawing 1 is also what was actually used in the example. A reaction chamber 1 is 
decompressed by the vacuum pump 2, and the substrate 3 for growing up a thin film on it all over 
a reaction chamber 1 is laid on a stage 4 so that infrared radiation may be irradiated by the front 
face. A stage 4 is heated by desired temperature at a heater 5, and, as a result, a substrate 3 is 
also heated. After a substrate 3 is heated by desired temperature, the ingredient gas which uses 
as a principal component the material gas which consists of carbon source gas and source gas of 
silicon, and carrier gas is supplied from the ingredient gas supply line 6. The greatest description 
of this invention is that inert gas is included in ingredient gas at this time. On a substrate, from 
an infrared lamp 7, the supplied material gas is irradiated by the infrared radiation introduced in 
the reaction chamber 1, a photolysis is carried out, and as a SiC single crystal thin film of the 
same crystal form as a substrate 3, it is deposited and grows. It is desirable by forming a 
shielding gas supply pipe etc. and supplying inert gas like Ar gas not to make Si or C which were 
generated approach an infrared lamp 7, and to carry out them so that it may bloom cloudy when 
Si and C which the infrared lamp 7 generated adhere at this time, and infrared permeability may 
not be lowered. 

[0009] Especially as inert gas used for this invention, although helium, neon, an argon, etc. are 
not limited, its argon is desirable, in view of cost etc. And although it does not limit especially 
since the flow rate changes with magnitude, substrate temperature, etc. of a reaction chamber, 
about, from the total quantity of carbon source gas and the source gas of silicon, and the 100 or 
less times are used. And they are ten to 50 times especially preferably. 

[0010] what can use the material gas used for this invention as a carbon source and/or a source 
of silicon by infrared exposure — choosing — ****ing — as for example, the source gas of 
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silicon ~ Si2H6 and SiH3 — CI, SiH4, and SiHCI3 grade are Si2H6 desirable especially 
preferably. As carbon source gas, CH4, C2H6, C2H2, and C2H4 grade is C2H2 desirable 
especially preferably. 

[001 1] A halogen lamp is mentioned that what is necessary is not to be limited but just to use a 
commercial infrared lamp generally especially as the light source of the infrared radiation used 
for this invention. And the umbrella of a parabolic mirror is preferably covered over this infrared 
lamp, and it is this infrared lamp to the focus of one of these. It is installing a substrate in 
another focus. Since it changes with the class of ingredient gas used, pressures, etc., the 
exposure energy of the infrared radiation used by this invention is not limited especially, but 
about 1-2kW is easy for acquisition, and since it does not disturb substrate temperature 
carelessly, it is usually desirable. 

[0012] Although whenever [ over an infrared substrate / illuminating-angle ] is not limited 
especially if only infrared radiation is irradiated by the substrate, in this invention, it is that 45-90 
degrees is desirable and 60-90 degrees irradiates infrared radiation from right above 90 degrees, 
i.e.. a substrate, most preferably since it is thought that it is used not only decomposition of 
material gas but in order to activate the front face of a substrate. A growth rate is so quick that 
an illuminating angle is close to 90 degrees (i.e., so that an exposure will be perpendicularly 
carried out to a substrate soon), and crystallinity also becomes good and is desirable. 
[0013] In this invention, the temperature of a substrate is held at 500-1000 degrees C. Since the 
thin film which the advantage over the usual heat CVD was lost at the elevated temperature 
from this, and was generated too much at low temperature will tend to become coarse, the 
above-mentioned range is suitable for it. Supply of the material gas in this invention is the total 
gas pressure in the reaction chamber containing carrier gas, the added inert gas. shielding gas. 
etc., and 2 or less Torrs are desirable and are 0.05 - 0.5Torr more preferably. 
[0014] If 2Torr(s) are exceeded, although the membranous rate of sedimentation increases 
remarkably, it will become inadequate dissociating [ of gas ] it, and it will also tend to lose and 
polycrystal-ize surface smoothness on the front face of the film. Moreover, a growth rate will 
tend to become slow if a pressure is not much low. Since the quantitative ratio of carbon source 
gas and the source gas of silicon was influenced by the ease of each gas of photodissociating to 
the infrared radiation to be used, when it does not become the presentation from which the ratio 
of the atomic number of carbon and silicon is simply set to 1:1, for example, C2H2 and Si2H6 are 
used, Si2H6:C2H2=5:4-5:16 are desirable, and are 5:6 more preferably. Although especially the 
supply approach of the material gas in this invention is not limited, when infrared radiation is 
irradiated at 90 degrees to a substrate, it is preferably [ that the photolysis of the supplied 
material gas is carried out if possible near a substrate ], and specifically desirable to supply 
material gas from an parallel direction to a substrate. 
[0015] 

[Example] Although this invention is further explained to a detail using an example below, this 

invention is not limited to an example, unless the summary is exceeded. 

[0016] 

[Examples 1-6] It is made to irradiate infrared radiation as a substrate at 90 degrees using the 
equipment shown in drawing 1 using a commercial infrared lamp (output of IkW) as a source of 
infrared radiation using Si single crystal with 3C structures. Si two H6 1.25 sccm/min and C two 
H2 1.5 sccm/min, It is H2 as carrier gas. It used 45 seems, the flow rate of argon gas was 
changed to 30 and 50,100,150,200,300 cc/min, respectively, and 3 C-SiC single crystal thin film 
was grown up for 10 minutes. The substrate temperature at this time was 1000 degrees C. The 
rate of sedimentation of 3 C-SiC single crystal thin film to each is shown in drawing 2 , and X- 
ray intensity is shown in drawing 4 . As for the rate of sedimentation, it turns out that argon 
capacity is saturated in near 100 cc/min. Moreover, it can check that the single crystal of 3 C- 
SiC is generating to be sure, and drawing 3 shows that crystallinity is the best, when the flow 
rate of argon gas is 100 cc/min. The XRD measurement result using the Cu-K alpha rays of the 
deposition film when carrying out 50 cc/min style of the argon gas to drawing 4 is shown. The 
peak remarkable in 35.6 degrees of angle of diffractions was seen, and it was checked that it is 3 
C-SiC, 
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[0017] 

[Example 7] 3 C-SiC single crystal thin film was grown up for 30 minutes on the same conditions 
as an example 1 except having made substrate temperature into 750 degrees C, and having 
carried out the 100 cc/min style of the argon gas. The XRD measurement result using the Cu~K 
alpha rays of the deposition film at this time is shown. The peak remarkable in 35.6 degrees of 
angle of diffractions was seen, and what the single crystal of 3 C-SiC generated also at this low 
temperature was checked. 
[0018] 

[The example 1 of a comparison] This equipment was operated on the same conditions as an 
example 1 except having not used argon gas. However, the single crystal of 3C-SiC was not 
generated. 

[Example 8] Except having used gaseous helium as flow rate 100 cc/min instead of argon gas, 
when the same experiment as an example 1 was conducted, it has checked that 3 C-SiC single 
crystal thin film generated the rate more than argon gas and an EQC. 
[0019] 

[Effect of the Invention] By the manufacture approach of this invention, it is possible to grow up 
the single crystal thin film of SiC at low temperature, it is hard to cause a lattice defect and 
interface mismatching, and the manufacture approach of a SiC single crystal thin film with 
unnecessary large-scale equipment like laser luminescence equipment is offered easily. 



[Translation done.] 
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